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The Guidelines Project, an initiative of the Brazilian Medical Association, aims to combine information from the medical field in order to standardize procedures to assist the reasoning and decision-making of doctors.
The information provided through this project must be assessed and criticized by the physician responsible for the conduct that will be adopted, depending on the conditions and the clinical status of each patient.
grades of recoMMendation and levels of evidence • A: Experimental or observational studies of higher consistency.
• B: Experimental or observational studies of lower consistency.
• C: Cases reports (non-controlled studies).
• D: Opinion without critical evaluation, based on consensus, physiological studies or animal models.
oBJective
The aim of this guideline is to evaluate the most appropriate radiotherapy technique to treat patients with lung cancer.
description of evidence collection Method
Through the elaboration of four relevant clinical questions related to the proposed theme, we sought to present the main evidences regarding safety, toxicity and effectiveness of the presented radiotherapy techniques. The study population consisted of male and female patients of all ages with lung cancer, regardless of histological type, staging or presence of comorbidities. For this, a systematic review of the literature was carried out in primary scientific databases (Medline -PubMed; Embase -Elsevier; Lilacs -Bireme; Cochrane Library -Record of Controlled Trials). All articles available through April 31, 2015 were considered. The search terms used in the research were: ((lung cancer) OR (lung carcinoma)) AND (IMRT OR intensity modulation OR intensity modulated) AND (conventional OR 2D OR two dimensional OR bidimensional OR standard OR conformal OR 3D OR tridimensional OR CRT OR three dimensional). The articles were selected based on critical evaluation using the instruments (scores)
proposed by Jadad and Oxford. The references with greater degree of evidence were used. The recommendations were elaborated from discussions held with a drafting group composed of four members of the Brazilian Society of Radiotherapy. The guideline was reviewed by an independent group, which specializes in evidence-based clinical guidelines. After completion, the guideline was released for public consultation for 15 days, and the suggestions obtained were forwarded to the authors for evaluation and possible insertion in the final text.
introduction
Radiotherapy is an integral part of the multidisciplinary treatment of lung cancer. In small cell lung cancer, radiotherapy is performed after chemotherapy (adjuvant) in tumors staged as extensive disease, 1 and concomitantly in tumors staged as localized disease. 2 In non-small cell lung cancer, radiotherapy is indicated before or after surgery (adjuvant), with the purpose of making them surgically resectable or to prevent relapse of locoregional disease and tumors with positive margins, 3, 4 while in unresectable tumors, it is preferably associated with chemotherapy. 5 Radiation therapy has progressed in recent decades due to advances in computerized systems that allow the recognition of internal structures in the body. This recognition is done based on the patient's imaging investigation, usually computed tomography. A more accurate dose distribution that reaches the area intended to be treated while sparing normal organs derives from the information sent to the radiation device from a previously configured treatment planning system. This release dosage form is known as conformal technique. The software shows the radiation dose distribution inside the patient's body and creates dose-intensity graphs on each target organ or volume. It is thus possible to know the potential toxicity of these organs and whether the tumor is being adequately treated. 6 Even though the conformal technique allows for dose assessment at irradiated site, sparing healthy organs, it does not provide ways of protecting tissues in close contact with irradiation treatment targets. The intensitymodulated radiation beam technique was developed to solve this problem. It allows the prescribed dose to "fit" within the contour of the site to be irradiated, allowing maximum protection of areas not intended for treatment.
In the thoracic region, which houses several radiationsensitive organs, such as the heart, esophagus, spinal cord, and lungs, conformal radiotherapy is the minimally recommended technique for patient safety. 6 Based on clinical experience with complications of radiotherapy, a dose-limiting standard according to the volume of a normal organ was created and published in 2010, the Quantitative Analysis of Normal Tissue Effects in the Clinic (Quantec). 7 The recommendation was developed by the joint work of several researchers, authors, reviewers and support professionals. It is currently recommended throughout the world as a practical guide to performing radiotherapy on all parts of the body. Such dose quantification can only be established from the shaped technique.
For the reasons given above, conventional radiotherapy has been abandoned whenever the treatment site is close to radiation-sensitive organs (for example, the chest), since this technique does not provide any information on dose distribution in these organs. In this case, both the locoregional control of the disease is dose-dependent and appears to be directly related to survival, 8 and residual lung function after treatment seems to be an important factor related to quality of life in survivors. 9 1. is there superiority in dose distriBution for irradiation of lung cancer with intensity Modulated radiation therapy (iMrt) coMpared to conforMal radiotherapy? There are no prospective phase III studies comparing conformal radiation therapy and IMRT for any chest cancer. Therefore, other factors should be weighed and considered to choose the best radiotherapy technique. These factors include, for example: dosimetric advantage, technology accessibility, financial aspects, and decision to escalate the dose or maintain the restriction of doses released on a critical organ. 10 IMRT can improve the physical and biological conformability of the dose and enable its scaling within the target volume, which makes it possible to release higher doses to target subvolumes such as the hypoxic areas or those capturing high SUV on PET-CT, with no need to increase the number of fractions, and maintaining a low dose exposure to healthy tissues.
11
Virtual simulation studies have shown that IMRT may be more appropriate than conformal radiotherapy for patients with large tumor volumes and difficult position within the thoracic anatomy, cases in which protection of normal surrounding structures is a priority. These studies presented a 7% reduction in the irradiated lung volume with more than 10 Gy, and 10% with more than 20 Gy. Volumes of heart and esophagus irradiated with up to 50 Gy, as well as volumes of lung tissue irradiated between 10 and 40 Gy, were also reduced with IMRT compared to conformal radiotherapy. 12 (D) For bronchial neoplasms close to critical organs (esophagus, heart, brachial plexus), IMRT may have dosimetric advantages compared to 3DCRT. 10 (D) Other points to consider include: IMRT can release greater low dose volumes in areas of healthy lung, it may result in failures outside the therapeutic margin leading to differences in sterilization of lymph nodes incidentally not included in the target volume, and the lower dose rate may be less lethal for neoplastic cells. 13 2. is there less toxicity in the use of iMrt in relation to conforMal radiotherapy for lung cancer? Toxicity related to radiotherapy external to primary lung tumors can be temporally divided into acute or late. Anatomically, it is divided into pulmonary and esophageal, because these are the main organs to manifest adverse reactions to radiation.
Comparing IMRT with conformal radiotherapy of lung tumors, two studies had as their main toxicity outcome, i.e., pulmonary toxicity: 1. A retrospective study of 290 patients showed that at month 6, treatment-related grade ≥ 3 pneumonitis rates reached 8% (95CI 4-19%) with IMRT and 22% (95CI 17-29%) with conformal radiation therapy. At month 12, treatment-related grade ≥ 3 pneumonitis rates reached 8% (95CI 4-19%) with IMRT and 32% (95CI 26-40%) with conformal radiation therapy (p=0.002). 14 (B) 2. Another retrospective study with 409 patients being treated reported a significant difference (p=0.017), both 6 and 12 months after radiation, in favor of IMRT with 90% of patients without treatment-related pneumonitis, versus conformal radiotherapy, with 75% free of this toxicity. 15 
(B)
Toxicity to normal tissue is the major obstacle to be dodged in order to make it possible to release a suitable dose, aiming at better tumor control. One of the tissues most sensitive to radiation is the lung. Depending on the lung volume receiving a given dose, as well as other factors (pulmonary reserve, radiobiological factors, concomitant therapy), patients may not present with acute symptoms, but only asymptomatic pulmonary fibrosis evidenced in the radiation field (typically 12 months or longer after treatment), transient moderate pneumonitis (typically 2-6 months after radiotherapy), or a more symptomatic, severe, or even fatal disease. Thus, volumetric parameters such as V20 (percentage of pulmonary volume receiving ≥ 20 Gy), V10 and V5, and pulmonary mean dose have been shown to be the most important predictive factors for severe pulmonary toxicity. 14, [16] [17] [18] The lung is the thoracic organ most sensitive to the deleterious effects of radiation, but this does not mean that it is the only limiting anatomical structure to restrict the appropriate dose release. Spinal cord, esophagus, and heart are also restrictive. The spinal cord, for example, should be protected from doses > 45 Gy.
The esophagus does not have a critical dose limit such as the spinal cord, but acute damage caused by radiation can be identified even at modest doses depending on the volume irradiated. Significant esophageal morbidity is routinely reported, which often limits the administration of an appropriate treatment, using optimal dose and without interruptions, especially if concomitant with chemotherapy and/or whenever mediastinal lymph nodes should be addressed. 19, 20 A recently published retrospective study with 223 patients showed that the rate of patients with severe esophagitis requiring feeding tube was 5% with IMRT versus 17% with conformal radiotherapy (p=0.005).
11 (B) 3. is there an iMpact on quality of life that Justifies the use of iMrt coMpared to conventional and conforMal radiotherapy?
One of the goals when we offer a modality of treatment for any type of cancer is the preservation or improvement of the patients' quality of life. However, because it is an outcome that is difficult to assess due to both subjectivity and the scarcity of objective tools for its measurement, there is little information on the subject. The best study that evaluated the impact on quality of life of lung cancer patients treated with different radiotherapy techniques was published as a summary, not providing the full text. This was a randomized clinical trial whose main objective was to evaluate the impact of treatment on the survival of patients with locally advanced lung cancer after high-dose radiotherapy (60 Gy x 74 Gy). As a secondary outcome, information regarding quality of life was prospectively collected using instruments validated for patients with lung cancer, and the following results were found: 21 (A) 1. Of the 419 patients included in the study, 45% underwent IMRT and 55% underwent conformal radiotherapy. The two groups were equally distributed in terms of patient characteristics, except for tumor size that tended to be larger in the IMRT group. 2. In all, 357 patients completed the questionnaires to assess quality of life before treatment. The questionnaires used were as follows: "Functional Assessment of Cancer Therapy-Trial Outcome Index" (FACT-TOI), "Physical Well Being" (PWB), "Functional Well Being" (FWB) and "Lung Cancer Subscale" (LCS). 3. Twelve (12) months after the end of treatment, patients who underwent IMRT presented better quality of life than those treated with conformal radiotherapy, according to all of the questionnaires evaluated. All differences were statistically significant. A retrospective study conducted from multi-institutional databases also evaluated the role of radiotherapy techniques in patient survival, demonstrating the superiority of IMRT or conformal techniques compared to the conventional technique, with 5-year survival rates of 14% for IMRT or conformal radiotherapy compared with 11% for conventional radiotherapy (p=0.0001). Another similar study demonstrated a better overall survival in the comparison between the IMRT or conformal radiotherapy techniques and the conventional technique, but did not demonstrate superiority of IMRT over conformal radiotherapy in terms of survival. 22,23 (B) conclusion Treatment with IMRT can provide more conformality and protect more critical structures than conformal radiotherapy, also allowing the dose escalation within the target, without prolonging the treatment time. It is particularly indicated for "superior sulcus" (Pancoast tumors), paravertebral and paracardiac tumors and in complex clinical situations in which conformal radiotherapy does not enable the release of non-toxic doses to organs at risk. 24 IMRT significantly reduces the risk of worsening quality of life in lung cancer patients undergoing radiation therapy.
There is less toxicity with the use of IMRT compared with conformal radiotherapy for primary lung tumors, particularly regarding the rates of grade ≥ 3 pneumonitis and requiring feeding tube.
There is also longer survival with the use of IMRT or conformal radiotherapy in relation to conventional radiotherapy, but not with IMRT compared with conventional radiotherapy.
